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Abstract Claviceps purpurea causes ergot, a serious
disease of rye and grasses. Resistance genes to the
pathogen have not been found in the genome of rye so
far. Therefore we evaluated 90 rye genotypes in two
seasons at three locations and analyzed the ergot inci-
dence. In one location (Smolice) the same genotypes
were also used to assess the influence of water spraying
during rye flowering on ergot occurrence. Moreover, 29
cytoplasmic male-sterile genotypes of rye were used in
Poznań, where within a 5 km distance there were no rye
plants. In the first two experiments the source of the
pathogen consisted of its sclerotia introduced into the
soil, whereas in the third experiment a suspension of
conidiospores was used to spray the plants from the
moment of first flowering. Percentage of sclerotia in
grain by weight in the first two experiments and
sclerotia weight per ear in the third experiment were
used as a measure of rye susceptibility to C. purpurea.
Both rye genotype and location (weather conditions)
showed significant variation for both traits. Low tem-
perature and rainfall during rye flowering increased the
occurrence of ergot. Water spraying of rye during
flowering also boosted the occurrence of ergot. In an-
other experiment, with sclerotia of C. purpurea used as
inocula, ergot occurrence varied from 0 to 4.73 % in
2011/12 and from 0 to 5.22 % of sclerotia in grain yield
in 2012/13. Cytoplasmic male-sterile rye inoculation
with conidia of C. purpurea resulted in sclerotia pres-
ence which ranged from 0.10 to 0.26 g per ear.
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Introduction
Rye (Secale cereale L.) has been one of the most im-
portant cereal crops and occupies a significant area
among cereals. Recent data show that rye is grown on
about 5.4 million ha, with a world production of 13
million tons (Schlegel 2010).
Polish rye population cultivars contribute greatly to
the worldwide rye production (23 %) as well as to the
progress in breeding. In the cross-pollinated rye, selfing
results in strong inbreeding depression and hybrids dis-
play heterosis. The highest heterosis is found for grain
yield. Cytoplasmic male sterility (cms) provides a useful
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tool for hybrid seed production. The indispensable com-
ponents of a cms hybrid system are the male-sterile seed
parent in the cms cytoplasm (A line), its isogenic main-
tainer counterpart in the normal cytoplasm (B line), and
the restorer pollen parent (R line) which carries
the restorer gene(s) (Bicar & Darvey 1997).
Hybrid seeds are produced by crossing the A line
with the R line while the continuous supply of
male-sterile seeds is assured by crossing the A line
with its maintainer B line.
Fungal diseases are one of the most important prob-
lems in rye cultivation. Ergot, caused by Claviceps
purpurea (Fries) Tulasne, is a severe disease of cereals
and grasses especially prevalent in rye. Moreover, the
range of host plants is still expanding (Mikaliūnaitė &
Dabkevičius 2007). Recently, the occurrence of
C. purpurea in winter rye crops has been steadily in-
creasing, especially on male-sterile lines of rye
(Dabkevičius & Mikaliūnaite 2005; Kolasińska &
Małuszyńska 2004; Soroka et al. 2001). Effective
male-sterility systems provide the opportunity to pro-
duce hybrids; however, male-sterile plants flower longer
and remain susceptible to ergot until they are fertilized.
Clav iceps purpurea i s a member of the
Clavicipitaceae family. Identification of C. purpurea
and other species of the Claviceps genus is based on
morphological features of sporulation and verified usu-
ally by molecular analysis via sequencing of the conser-
vative region of the fungal genome such as a rDNA
(White et al. 1990), a β-tubulin gene (Annis &
Panaccione 1998) or a putative RAS-like protein
(Carbone & Kohn 1999).
Claviceps purpurea is an organ-specific pathogen
infecting only through the stigma at or shortly after
flowering (Scheffer & Tudzynski 2006). After
overwintering sclerotia germinate and then, in fruiting
bodies, ascospores are developed. Ascospores, consti-
tuting the primary inoculum, are spread through wind,
splashing rain, and physical contact. These spores ger-
minate and the infected florets exude ‘honey-dew’ con-
taining asexually produced conidia, which are spread
mainly through insects to later-flowering susceptible
plants. Fungal ascospores as well as conidia infect
young, unfertilized ovaries of cereals.
As infection requires access of the spores to the
stigma, cross-pollinated plant species with open
flowering (i.e., rye) are severely infected particularly
during cold, rainy weather when the amount of pollen
is restricted and the flowers remain open for a long time,
increasing the probability of their colonization by fungal
hyphae (Miedaner et al. 2010b). During dry weather,
spraying with water of flowering cross-pollinated rye
seems to decrease the amount of pollen and prolong the
flowering time.
The infection results in a replacement of the cereal or
grass floral tissue with a fungal survival structure, a
purplish-black sclerotium containing ergot alkaloids,
which drastically reduce the quality of cereal grain.
The concentrations of poisonous alkaloids in ergot scle-
rotia measured by HPLC vary among strains and sam-
ples but as little as 0.1 % in the feed or 0.05 % of
sclerotia in the human diet is considered to be potential-
ly hazardous to health (Lorenz et al. 2009; Pažoutová
et al. 2000; Tenberge 1999; Tunali et al. 2000).
In-depth knowledge about pathogen populations is
required to implement successful control strategies and
breeding. Unfortunately, resistance genes to
C. purpurea have not been identified in the rye genome
and mapped on chromosomes so far (Tudzynski &
Scheffer 2004). However, the reaction of rye cultivars
to C. purpurea differs and depends on the flowering
period of time and the degree of flower opening in
particular environmental conditions as well as some
features of the pathogen (Irzykowska et al. 2012;
Miedaner et al. 2010b). Fungicides have been applied
to seed or soil to inhibit the process of ascospores
production from ergot sclerotia, but their effectiveness
is not sufficient. Recently, sterol-inhibiting fungicides
have been applied to flowers to prevent the infection in
grass seed production, but such treatments display too
low efficiency in rye production (Schultz et al. 1993).
For some time it has been evident that there are intra-
specific differences among C. purpurea isolates at the
molecular level (Irzykowska et al. 2012; Tudzynski &
Scheffer 2004). Pathogen populations with high genetic
variation are potentially able to evolve rapid responses
to changing environmental conditions (McDonald
1997). Consequently, it could be difficult to find a
long-lasting effective fungicide against this kind of
pathogen.
In a previous report (Irzykowska et al. 2012), based
on obtained results, we postulated that the genetic back-
ground of a host plant can be more important for the
population variability of the fungus than strong direc-
tional selection imposed by agricultural systems (i.e.,
plant protection). Considering the genetic diversity of
C. purpurea, the study of rye resistance to ergot is of
great importance.
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The present research was undertaken to evaluate the
rye genotypes population in terms of their resistance to
ergot during the 2011/12 and 2012/13 seasons in central
and western Poland. Moreover, we estimated the influ-
ence of water spraying during rye flowering on
C. purpurea occurrence and assessed the cytoplasmic
male-sterile rye susceptibility to ergot.
Materials and methods
Plant material The study was conducted during two
seasons (2011/12 and 2012/13) on 90 genotypes of
winter rye (Secale cereale L.): 30 genotypes developed
by Poznań Plant Breeders Ltd,Wiatrowo Plant Breeding
Branch; 30 genotypes by Danko Plant Breeders Ltd.,
Choryń Division; and 30 genotypes by Plant Breeding
Smolice, Group of Plant Breeding and Acclimatization
Institute. Seeds of the genotypes were provided by the
respective Breeders Ltd.
The rye genotypes in 2011/12 represented five types:
population, hybrid, restorer, male fertile and cytoplas-
mic male-sterile whereas in 2012/13 there were four
types: population, hybrid, restorer and male fertile
(Table 1). Six restorer, two male fertile, and 15 popula-
tion genotypes were the same in both experimental
seasons. In the 2012/13 season, only in Smolice, the
same genotypes were also used in another experiment
concerning the influence of water spraying during rye
flowering on ergot occurrence. In 2012/13, 29 cytoplas-
mic male-sterile genotypes of rye (14 developed by
Poznań Plant Breeders Ltd., Wiatrowo Plant Breeding
Branch and 15 genotypes by Danko Plant Breeders Ltd.,
Choryń Division) were grown on an experimental field
in Poznań.
Field design All experiments were arranged as com-
plete randomized blocks with three replications.
Genotypes were grown in one-row plots of 0.75m2 with
50-cm inter-row spacing (without any border plots).
Seeding rate was 40 kernels/m2. Mineral fertilizers,
herbicides and growth regulators were applied conven-
tionally at individual locations.
Fungal cultures Eight isolates (11, 25, 30, 31, 40, 46,
48, 86) preliminarily differentiated by mycelium linear
growth rate as well as SRAP and RAPD analysis
(Irzykowska et al. 2012), were used to prepare inoculum
for the experiment conducted in Poznań. To confirm
species identification and choose possibly diverse iso-
lates for the inoculum preparation, an extent of DNA
polymorphism in a conservative region of the
C. purpurea genome (part of the β-tubulin gene) was
analyzed.
DNA was isolated as described previously
(Irzykowska et al. 2012). Two specific primers designed
by O'Donnell & Cigelnik (1997) were used for amplifi-
cation and sequencing of the β-tubulin gene: T1_for
(5’AACATGCGTGAGATTGTAAGT3’) and T22_rev
(5’-TCTGGATGTTGTTGGGAATCC-3’) (Sigma-
Genosys, Pampisford, UK). The 10 μl reaction mixture
contained 10 ng template DNA, 1 μM of each primer,
200 μM each dNTP and 0.5 U of Taq polymerase
(Qiagen, Inc., Hilden, Germany) in 1× reaction buffer.
Table 1 The number and geographic origin of tested rye genotypes
Genotype Number of genotypes tested in
2011/12 2012/13
Geographic origin total Geographic origin total
Wiatrowo Choryń Smolice Wiatrowo Choryń Smolice
Population 5 20 30 55 5 30 30 65
Hybrid 1 0 0 1 1 0 0 1
Restorer 11 8 0 19 18 0 0 18
Male-fertile 6 0 0 6 6 0 0 6
Cytoplasmic male- sterile 7 2 0 9 0 0 0 0
Total 30 30 30 90 30 30 30 90
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PCR was carried out using BIO-RAD C1000 Touch
Thermal Cycler as described previously (Irzykowska
2012). A portion (5 μl) of the amplified products was
purified adding 0.7 unit of Exonuclease I (Epicentre
Technologies, Madison, WI, USA) and 0.2 unit of
shrimp alkaline phosphatase (Promega, Madison, WI,
USA). After incubation for 30 min at 37 °C, enzymes
were inhibited for 20 min at 80 °C. Purified PCR prod-
ucts were fluorescently labeled with Big Dye®
Terminator v 3.0 Cycle Sequencing Ready Reaction
Kit with AmpliTaq DNA polymerase (Applied
Biosystems, Foster City, CA, USA). Sequence reading
was performed with the use of the ABI PRISM® 310
Genetic Analyzer (Applied Biosystems) according to
the manufacturer’s protocol. Obtained sequences were
checked visually and aligned using a computer software
package MEGA version 4 (Tamura et al. 2007).
Sequences were compared to GenBank+EMBL+
DDBJ+PDB Sequence Database using computer
software BLASTN 2.2.26+ (Altschul et al. 1997).
Sequence polymorphisms were scored and ana-
lyzed by Treecon for Windows version 1.3b soft-
ware (Van de Peer & de Wachter 1994). Based on
calculated similarity coefficients, isolates were
grouped hierarchically using the neighbor-joining
method and the relationship among isolates was present-
ed in the form of a dendrogram. C. grohii sequence was
used as an out-group.
Assessment of genotype and field location effect on ergot
occurrence The experiment was run in two seasons
(2011/12 and 2012/13) at three locations: Wiatrowo
(GPS 52°44'59.57"N, 17°8'44.37"E), Choryń (GPS
52°2'10.86"N, 16°46'15.82"E) and Smolice (GPS
51°41'53.42"N, 17°10'56.00"E). In each season the re-
action of 90 rye genotypes against ergot was tested in
three environments (=three locations).
Claviceps purpurea sclerotia (not smaller than 2 cm
in length) collected from the breeding plots of rye in
Wiatrowo and Choryń comprised the inoculum. In the
middle of October, four sclerotia per plot were intro-
duced into the soil to the depth of 2 cm.
Effect of water spraying on ergot severity This experi-
ment was conducted only in Smolice, during the 2012/
13 season. The reaction of 90 rye genotypes against
ergot was tested. Sclerotia not smaller than 2 cm in
length collected from the breeding plots of rye in
Wiatrowo and Choryń were used as the inoculum. In
the middle of October four sclerotia from each plot were
introduced into the soil to the depth of 2 cm.
Water spraying during rye flowering was done be-
tween 9 a.m. and 2 p.m. from May 17 to 27, 2013. Due
to the rainy weather during the second part of the
flowering, water spraying was not necessary.
Assessment of male-sterile genotype in respect to sus-
ceptibility to ergot This experiment was conducted only
in the 2012/13 season in Poznań, where there were no
rye plants within a 5-km radius. Because of this, the
amount of pollen was minimal and rye flowers were
exposed for a very long time to the infection by
C. purpurea. In Poznań inoculum consisted of a conidial
mixture of eight C. purpurea isolates (11, 25, 30, 31, 40,
46, 48, 86) differing in the mycelium growth rate.
Isolates were derived from rye plants grown in experi-
mental plots and production fields (Irzykowska et al.
2012). Conidia for inoculation were recovered from
cultures grown on potato dextrose agar (PDA; Merck
KGaA, Darmstadt, Germany) amended with peptone
and glucose, at 1.5 and 10 gl-1, respectively. Spores
were washed from 4-week cultures with sterilized water
and the obtained suspension was adjusted to a concen-
tration of 1.3×106 spores/ml. A few drops of Tween 20
were added to improve the adhesion of the spores onto
the rye heads. Plots were inoculated with a machine-
driven field sprayer in the evening (7:00 – 9:00 p.m.).
Inoculation was repeated three times at intervals of
5 days starting when the first plants flowered.
Estimation of flowering and ergot occurrence Flowering
time of rye genotypes (Geiger &Morgenstern 1975) and
ergot occurrence were determined on the whole plots in
Wiatrowo, Choryń, Smolice and Poznań. Harvest was
done by hand at early dough ripening stage to reduce the
Table 2 Mean squares from two-way analysis of variance
(ANOVA) for ergot occurrence in dependence on rye genotype
and location (season 2011/12)
Source of variation Degrees of freedom Mean squares
Genotype (A) 89 0.232**
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risk of sclerotia loss. Afterwards, all heads in a plot were
taken together, dried and threshed.
Determination of sclerotia and grain mass enabled
calculation of the percentage of sclerotia in grain by
weight in Wiatrowo, Choryń and Smolice. The sclerotia
weight per ear was used to measure the susceptibility in
pollen-isolated cytoplasmic male-sterile rye in
Poznań because there was practically no grain
formation. Based on the results of statistical analysis,
rye genotypes were divided into three groups: weak,
strong and moderate infection.
Statistical analysis All data were statistically analyzed
by STATISTICA software (StatSoft, Inc. version 10).
Two-way analysis of variance (ANOVA) was carried
out to verify the hypothesis about lack of genotype and
location influence on ergot occurrence in Wiatrowo,
Choryń and Smolice and lack of genotype and water
spraying influence on ergot occurrence in Smolice. One-
way analysis of variance was used to verify the hypoth-
esis about lack of genotype influence on ergot occur-
rence in Poznań. Least significant difference (LSD) for
the ergot occurrence was calculated and homogenous
groups were determined on the basis of LSD.
Results
Effect of genotype and field location on ergot
occurrence Results of analysis of variance indicated
that in the 2011/12 season ergot occurrence depended
significantly on rye genotype and field location
(Table 2) and an interaction occurred between these
two factors (A×B).
In Wiatrowo, significantly less C. purpurea sclerotia
were found on 67 weakly infected genotypes than on
seven genotypes strongly infected (Table 3). The cyto-
plasmic male-fertile genotypes were infected rather
weakly. In Smolice, significantly less C. purpurea scle-
rotia were found on 25 genotypes (weakly infected) than
on two genotypes strongly infected. Moreover, none of
the cytoplasmic male-fertile, restorer and hybrid
Table 3 Infection degree by Claviceps purpurea of rye genotypes groups in the 2011/12 season
Rye genotype Number of genotypes infected
Total Wiatrowo Choryń Smolice
weakly moderately strongly weakly weakly moderately strongly
Population 55 43 9 3 55 10 44 1
Male-fertile 6 5 1 0 6 5 1 0
Male-sterile 9 6 2 1 9 1 7 1
Restorer 19 13 4 2 19 9 10 0
Hybrid 1 0 0 1 1 0 1 0
Total 90 67 16 7 90 25 63 2
Table 4 Occurrence ofClaviceps purpurea sclerotia in grain yield
and weather conditions during rye flowering (2011/12)





Wiatrowo 0.2743 a 0.0000 – 4.7258 12.7 21.4
Choryń 0.0077 c 0.0000 – 0.0879 16.3 0.8
Smolice 0.0410 b 0.0000 – 0.2699 16.1 15.4
*Means followed by different letters differ significantly at P <0.05
Table 5 Mean squares from two-way analysis of variance
(ANOVA) for ergot occurrence in dependence on rye genotype
and location (2012/13 season)
Source of variation Degrees of freedom Mean squares
Genotype (A) 89 0.590**
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genotypes was strongly infected. In Choryń, all geno-
types of rye were infected weakly.
On the average for 90 rye genotypes, the largest ergot
occurrence was found in Wiatrowo and the smallest in
Choryń (Table 4). Important factors influencing greater
ergot occurrence in Wiatrowo were the lowest air tem-
peratures and heaviest rainfall at flowering time, which
were conducive to longer flowering of rye in Wiatrowo
(7.1 days) than in Smolice (6.2 days) or Choryń
(4.7 days).
The results of two-way analysis of variance indicated
that in the 2012/13 season ergot occurrence depended
on rye genotype and location (Table 5). No interaction
occurred between these two factors (A×B).
On the average for three locations, significantly less
C. purpurea sclerotia were found on 55 genotypes
(weakly infected) than on four genotypes strongly in-
fected (Table 6). Infection of 31 rye genotypes was
moderate. None of the male-fertile genotypes was
strongly infected.
On the average for 90 rye genotypes, the percentage
ofC. purpurea sclerotia in grain mass was the highest in
Wiatrowo and the lowest in Smolice (Table 7). One of
the factors increasing ergot severity in Wiatrowo was
heavy rainfall during the first 6 days of flowering, which
probably caused strong infection of rye flowers. Greater
ergot occurrence in Choryń than in Smolice was possi-
bly affected by lower air temperature during flowering
in Choryń compared with Smolice.
Impact of water spraying on ergot severity An addition-
al experiment conducted in Smolice was aimed at veri-
fying the hypothesis concerning the impact of water
spraying during rye flowering on C. purpurea occur-
rence. Plots with 90 genotypes were sprayed for 6 h on
every no-rain day during flowering time. According to
the results obtained, we concluded that water spraying
of flowering rye plants increased ergot severity more
than twofold when measured as the percentage of scle-
rotia in grain by weight (Table 8).
Variation of male-sterile rye genotypes in respect to
susceptibility to ergot Mixtures of conidia obtained
from pure cultures of nine C. purpurea isolates were
used to inoculate rye flowers. To choose the most di-
verse isolates we assessed not only the DNA polymor-
phism in a random region of the genome (Irzykowska
et al. 2012) but additionally a conservative region of the
C. purpurea genome (part of the β-tubulin gene) was
sequenced. The homology of obtained sequences with
reference sequences (FJ711485, FJ711487 deposited by
S. Pažoutová) was assessed at the level 99.6–99.9 %.
The relationship among nine isolates used as an inocu-
lum was presented in the form of a dendrogram (Fig. 1).
The results of one-way analysis of variance indicated
that in the 2012/13 season the range of C. purpurea
infection depended on cytoplasmic male-sterile rye ge-
notypes (Table 9).
Mean sclerotia mass in one ear appeared to be smaller
in ten cytoplasmic male-sterile rye genotypes inoculated
with conidia of C. purpurea than in four others
(Table 10). Sclerotia mass at another 15 genotypes did
not differ significantly from any of the genotype groups.
Table 6 Degree of rye infection by Claviceps purpurea in 2012/
13 season (mean for three Plant Breeding Stations)
Rye genotype Total Number of genotypes infected
weakly moderately strongly
Population 65 40 23 2
Male-fertile 6 4 2 0
Restorer 18 11 6 1
Hybrid 1 0 0 1
Total 90 55 31 4
Table 7 Occurrence of Claviceps purpurea sclerotia in grain yield and weather conditions during rye flowering (2012/13)
Location Percentage of sclerotia in grain by weight Temperature °C Rainfall (mm) during flowering
Mean* range in the first 6 days in next days
Wiatrowo 0.9487 a 0.0091 – 5.2218 12.9 85.6 3.2
Choryń 0.2193 b 0.0160 – 0.7288 12.6 0.0 57.6
Smolice 0.0426 c 0.0000 – 0.4211 13.4 0.0 80.6
* Means followed by different letters differ significantly at P <0.05
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Discussion
In this study run in Wiatrowo, Choryń and Smolice, the
source of infection consisted of ergot sclerotia intro-
duced into the soil in the middle of October. The path-
ogen conidia were used only in Poznań for flowers
inoculation of cytoplasmic male-sterile rye genotypes.
In the experiment conducted in Poznań, the inoculum
consisted of conidia of eight genetically different
C. purpurea isolates. In many studies on evaluation
and selection of rye genotypes resistant to ergot, conidia
received in pure cultures were used as a source of rye
infection byC. purpurea (Miedaner et al. 2010a; Mielke
2000; Mirdita et al. 2008; Mirdita & Miedaner 2009).
In field experiments run in three locations, the lowest
percentage of sclerotia in strongly contaminated grain was
0.2597 in 2011/12 and 0.8359 in 2012/13. Official thresh-
olds are 0.05 % and 0.10 % of sclerotia for human food
and animal feed, respectively (Mirdita et al. 2008). Hybrid
genotype almost always was in a group of strongly infect-
ed but male-fertile genotypes which never belonged to this
group. Many commercial hybrids display much higher
susceptibility to ergot than open pollinated cultivars
(Miedaner et al. 2010b; Mielke 2000), particularly when
the flowering of seed and pollinator parents is not synchro-
nized (Kolasińska & Małuszyńska 2004). That inconve-
nience can be avoided with highly effective, environmen-
tally stable restorer genes (Miedaner et al. 2005).
In experiments on winter rye cultivars for ergot re-
sponse, Miedaner et al. (2010b) recommended: use of
large plots (3–8 m2), separation of cultivar type and each
entry, harvesting a sample of 1 m2 subplot from the center
of the plot. We did not run our experiment in this way but
cytoplasmic male-sterile rye genotypes in 2012/13 were
located in Poznań, where no rye plantations occurred at a
distance of at least 5 km. Due to this fact, the amount of
pollen was minimized and rye flowers for a very long time
were exposed to the infection by C. purpurea. In the
absence of rye pollen, the ergot occurrence depended on
cytoplasmic male-sterile rye genotypes which were weak-
ly (ten) and strongly (four genotypes) affected. Such dif-
ferences in host resistance most likely are caused by
anatomical and/or biochemical mechanisms (Miedaner
et al. 2010a). Geiger & Bausback (1979) also found
quantitative differences in susceptibility among artificially
inoculated cytoplasmic male-sterile rye lines when grown
in the absence of rye pollen. Therefore, good perspectives
exist for developing hybrids achieving or even surpassing
the resistance level of the best population varieties
(Miedaner et al. 2010a). Unfortunately, we were not able
to find a fully resistant genotype so far. In many other
works the information about the existence of rye genotypic
Table 9 Mean squares from one-way analysis of variance
(ANOVA) for ergot occurrence in dependence on cytoplasmic
male-sterile rye genotype (Poznań, 2012/13)




Table 8 Influence of spraying with water on flowering rye, on
ergot occurrence in Smolice (mean for 90 rye genotypes, 2012/13)
Water spraying Mean percentage of sclerotia* in grain by weight
without 0.0426 b
with 0.0920 a
*Means followed by different letters differ significantly at P <0.05
Fig. 1 Relationships between Claviceps purpurea isolates used
for inoculum preparations calculated based on β-tubulin gene
sequences
Table 10 Influence of cytoplasmic male-sterile rye inoculation






Sclerotia mass (g) per ear
mean range
weak 10 0.13 0.10 – 0.16
moderate 15 0.19 0.17 – 0.22
strong 4 0.25 0.24 – 0.26
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differences for ergot resistance and lack of fully resistant
sources may be found (Dabkevičius &Mikaliŭnaite 2005;
Miedaner et al. 2010b; Mielke 2000; Tudzynski &
Scheffer 2004).
Considering results obtained at three locations and in
both years the highest ergot severity was noted in
Wiatrowo, where lower air temperatures and/or higher
rainfall during rye flowering were noted in comparison
with Choryń and Smolice. The higher ergot occurrence in
Smolice compared with Choryń in 2011/12 was influ-
enced mainly by a higher rainfall in the first location.
However, in 2012/13 rye was less strongly infected in
Smolice than in Choryń, where a lower temperature
prevailed during flowering. In our opinion, cool and rainy
weather favored C. purpurea development, prolonged the
rye flowering period and as a consequence increased the
probability of ergot occurrence. This is consistent with the
results described by Kolasińska & Małuszyńska (2004),
Mirdita et al. (2008) and Mirdita & Miedaner (2009).
In experiments aimed at searching for resistant geno-
types it is possible to increase ergot occurrence by
spraying flowering rye with water during hot and dry
weather. In our study we proved that spraying rye plants
at midday increased ergot occurrence twofold in com-
parison with rye plots not sprayed. Spraying with water
decreases the availability of pollen for flowering and
increases ergot incidence (Miedaner et al. 2010a).
To summarize, development of winter rye varieties
resistant to ergot still remains one of the major tasks in
rye breeding and our findings suggest that, first of all,
some cytoplasmic male-sterile rye genotypes could be
useful in breeding process.
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